Rate coefficients and product distributions were measured for the reactions of C + and X + ions with C2H4, CH3CI and SO2. The reactant ions were produced by electron impact using electron energies of 30 V and 100 V and then injected into a flow tube. The product ion distributions for these reactions depend significantly on the electron energy at which the reactant ions are formed. Reactions with CH3CI and SO2 of ions formed at 100 V yield product ion distributions with a preference for fragmentation channels. In the case of C2H4, the simple charge transfer channel is favoured at high energy. Various new product ions have been identified from these studies, some of which having not been observed previously 7 . Rate coefficients for these reactions at 30 V agree closely with the calculated values using Langevin and ADO theory.
Introduction
In recent publications [1] [2] [3] [4] [5] , we have reported that ions generated by electron bombartment can contain substantial amounts of excited metastable ions. For such species, generally, rate coefficients and product ions are different from those obtained with ground state ions. Similar results have been obtained previously by Turner et al. [3] from beam experiments. In particular, the additional energy often opens up new reaction channels that are endoergic for the ground state ions. Physical quenching of the excited ion can also occur, and has been observed for N2~* + N2, NO+*-f NO and 0^"* + 02. These results were reported elsewhere [4] . Rate coefficients and product ions for reactions of both ground and metastable states of 0 + , 02 + and NO+ [1] , C+, N+, S+ and N2+ [2] and C1+ [5] with several neutral molecules have been reported.
We have now extended this work by studying reactions of the ground and metastable C + and N + ions with C2H4, CH3CI and S02 molecules. The reactions were studied using the Aberystwyth selected ion flow tube (SIFT).
Experimental Results
The SIFT apparatus and the method of evaluating the product ion distributions have been reported in detail previously [1, 2] , The C + and N + ions were generated by electron bombartment at In the previous work [2] the electron impact energy was 100 eV and the fraction of excited metastable ions was 10% for C+ and 30% for N+. These percentages were adopted also for the present study when the electron impact energy was 100 eV because the experimental conditions were similar. According to the assignment made previously, the predominant excited states present are 4 P for C + and for N + with excitation energies above the ground state of 5.3 and 4.1 eV, respectively.
After mass selection and injection into the flow tube the ions were thermalized by collisions with helium carrier gas before the neutral reactant was entered. The ions spent about 9 ms in the thermalization region and 12 ms in the reaction region. At the end of the reaction region both primary and product ions were sampled and detected by a mass spectrometer. Rate coefficients were determined from the decay of the primary ion counts with reactant flow. For C + ions, the same exponential decay was observed at both electron energies. A single exponential decay was found also using 30 V electron energy for N + ions. At 100 V electron energy the initial slope of the decay curve at low reactant flows is greater than that at high reactant flows indicating that one of the N+ species present reacts faster than the others. The observation of two reaction rates do not preclude the existence of more than one metastable states of N + in the present experiments. These data have been treated in the manner described in [1, 2] .
To illustrate the experimental observation, Figs. 1 and 2 shows the experimental data for the reaction of N + and C + , respectively, with sulphur dioxide. The presence of excited N + ions at an electron energy of 100 V is made evident in Accordingly, the sum of both rate coefficient
where ki is the rate coefficient for an excited ion-molecule reaction and k2 is the rate coefficient for collisional quenching of excited ion, are given in the e Calculated from the growth curve of the productions.
energy which were not observed at 30 V. For C2H4, such an estimation was not possible because the same products were observed at both electron energies. These results are presented in column 8. In column 3 of 1, the reaction enthapies for the ground state ion (30 V) are listed. The estimated accuracy for the rate coefficients is ±20%. For the reaction of N + ions produced at 100 V electron energy the accuracy is not better than ±30% due to the errors involved in the extrapolation and substration procedure required in the analysis. The product distributions for excited ions are subject to greater error than those for the ground state ion because the contribution due to quenching is not known.
Discussion
The rate coefficients for the reaction of C + ions are in good agreement with those reported by others [11, 12] Table 1 that product distributions are significantly different to the two electron energies used. It appears that metastable ions react through channels which are endoergic for the ground state ions but become favoured with increasing recombination energy of the ion opening fragmentation channels for the charge transfer products.
For the reaction of N + , the observed product ions are the same at both electron energies but their distributions differ. For example, in the reaction with CH3CI and SO2, the dissociative charge transfer channels are preferred at 100 V electron energy compared with 30 V. In case of C2H4, the charge transfer channels are the dominant process at both ground and metastable excited ion reactions. In the reaction with CH3CI, the product ion CH2C1 + and NC1+ are indistinguishable because they occur at the same m/e = 49 a.m.u. and their yields are nearly equal at both electron energies. It is quite probable that this ion is mainly NC1+ because in the reaction C^ + CHsCl, CC1 + is formed instead of CH2CI 4 " even though the formation of CH2C1 + would be exoergic by 1.1 eV.
Conclusion
This work illustrates that for C+, though the metastable rate coefficients were not determined, it was still possible to obtain information concerning the reactions of excited C + ions from the differences between the total product ion distributions and those for ground state C + . This study shows also as previously [2] that when charge transfer is possible for the ground state ions the metastable state ions appear to react predominantly into channels with the greatest fragmentation.
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